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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a resin 
having excellent solubility in solvents, a method 
for producing the resin suitable for a resist 
composition, the resist composition having high 
sensitivity and high resolution and slight 
microgel in a solution, and to provide a method 
for forming a pattern having the high sensitivity 
and high resolution using the resist 
composition. 

SOLUTION: The copolymer comprises a 
constituent unit represented by formula (1) 
(wherein, R denotes a hydrogen atom or a 
methyl group) and a constituent unit having a 
specific lactone skeleton. The method for 



producing the copolymer comprises carrying out polymerization while dropping a 
solution prepared by dissolving monomers to be the constituent units of the 
copolymer and a polymerization initiator in an organic solvent into the organic solvent 
heated at the polymerization temperature. The resist composition comprises the 
copolymer. The method for forming the pattern comprises a step of coating the top 
surface of a substrate to be processed with the resist composition, a step of exposing 
the resist composition to light at <250 nm wavelength and a step of carrying out 
development with a developer. 

* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect 
the original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 
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[Claim(s)] 
[Claim 1] 

A copolymer which contains a constitutional unit expressed with a formula (1), and 
contains a constitutional unit which has at least a kind of lactone skeleton chosen 
from a group which consists of formula (2-1) - (2-6). 
[Formula 1] 



R 



f"CH 2 - } 




(R expresses a hydrogen atom or a methyl group among a formula (1).) 
[Formula 2] 
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(R 22 R 21 among a formula (2-1) - a formula (2-6)) R 23 , R 24 , R 25 , R 26 , R 11 , R 12 , R 13 , R 14 , R 15 , 
R 16 , R 17 , R 18 , And R 19 expresses a hydrogen atom or a methyl group independently, 
respectively, X \ X 2 , X 3 , X 4 , X 5 , Independently X 6 , respectively And a hydroxy group, 
a carboxy group, an amino group, and a cyano group, And the hydroxy group which 
may have at least one basis chosen from the group which consists of the acyl group 
and ester group of the carbon numbers 1-6 which may have a substituent, A carboxy 
group, an amino group, a cyano group or the alkyl group of the carbon numbers 1-6, an 
acyl group, an alkoxy group, or an ester group is expressed. Straight chain shape and 
branched state any may be sufficient as a substituent. n1-n6 express the integer of 
0-4 independently, respectively, and m expresses 1 or 2. When nN (N= 1-6) is two or 
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more, one sort or two sorts or more may be sufficient as X N . R 41 , R 42 , and R 43 express 
the alkyl group of a hydrogen atom, straight chain shape, or the branched state carbon 
numbers 1-8 independently, respectively. 

Independently A 1 , A 2 , A 3 , and A 4 , respectively A hydrogen atom, . [ whether an alkyl 
group of the carbon numbers 1-6, a hydroxy group, a carboxy group, or an ester group 
of the carbon numbers 1-6 is expressed, and ] Or A 1 , A 2 and/or A 3 , and A 4 become 
together, and express a methylene chain [-(CH 2 ) k - (k expresses an integer of 1-6)] of 
-0- -S- -NH- or the carbon numbers 1-6. A methylene chain may have branching. 
Y 11 , Y 12 , and Y 13 express -CH 2 - or -CO-O- independently, respectively, and at least 
one expresses -CO-O- before long. 

Y 14 , Y 15 , and Y 16 express -CH 2 - or -CO-O- independently, respectively, and at least 
one expresses -CO-O- before long. 

Y 17 , Y 18 , and Y 19 express -CH 2 - or -CO-O- independently, respectively, and at least 
one expresses -CO-O- before long. 
[Claim 2] 

The copolymer according to claim 1, wherein ratios of a constitutional unit expressed 
with said formula (1) to all the constitutional units are 30 - 70-mol % and ratios of a 
constitutional unit for which it has at least a kind of lactone skeleton chosen from a 
group which consists of formula (2-1) - (2-6) are 30 - 70-mol %. 
[Claim 3] 

The copolymer according to claim 1 to 2 containing further a constitutional unit which 
has a polar substituent. 
[Claim 4] 

The copolymer according to claim 3, wherein a constitutional unit which has said polar 
substituent is at least one sort chosen from a group which consists of formula (3-1) - 
(3-4). 

[Formula 3] 
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(R 32 R 31 among formula (3-1) - (3-4)) R 33 and R 34 express a hydrogen atom or a 
methyl group independently, respectively, R 44 , R 45 , R 46 , and R 47 express the alkyl group 
of a hydrogen atom, straight chain shape, or the branched state carbon numbers 1-3 
independently, respectively, Independently X 7 , X 8 , X 9 , and X 10 , respectively A 
hydroxy group, The hydroxy group which may have at least one basis chosen from the 
group which consists of the acyl group and ester group of the carbon numbers 1-6 
which may have a carboxy group, an amino group, a cyano group, and a substituent, A 
carboxy group, an amino group, a cyano group or the alkyl group of the carbon 
numbers 1-6, an acyl group, an alkoxy group, or an ester group is expressed. 
Straight chain shape and branched state any may be sufficient as a substituent. 
n7-n10 express an integer of 1-4 independently, respectively, and q expresses 1 or 2. 
when nN (N= 7-10) is two or more, one sort or two sorts or more may be sufficient as 
X N 

[Claim 5] 

Ratios of a constitutional unit expressed with said formula (1) to all the constitutional 
units are 30 - 70-mol %, The copolymer according to claim 4, wherein a ratio of a 
constitutional unit which has a lactone skeleton is 25-70-mol % in total and a ratio of 
a constitutional unit expressed with at least one sort chosen from a group which 
consists of said formula (3-1) - (3-4) is 5-45-mol %. 
[Claim 6] 

The copolymer according to any one of claims 1 to 5, wherein average molecular 
weight is 1,000-100,000. 
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[Claim 7] 

A manufacturing method of the copolymer according to claim 1 to 6 which polymerizes 
while a solution made to dissolve a monomer and a polymerization initiator which 
serve as a constitutional unit of a copolymer of this invention by polymerizing in an 
organic solvent is dropped into an organic solvent heated by polymerization 
temperature. 
[Claim 8] 

A resist composition containing the copolymer according to any one of claims 1 to 6. 
[Claim 9] 

A chemical amplification type resist composition containing the copolymer according 
to any one of claims 1 to 6 and a photo-oxide generating agent. 
[Claim 10] 

A pattern formation method comprising: 

A process of applying the resist composition according to any one of claims 8 to 9 on 
a processing substrate. 

A process exposed with light with a wavelength of 250 nm or less. 
A process developed using a developing solution. 
[Claim 11] 

The pattern formation method according to claim 10, wherein light used for exposure 
is an ArF excimer laser. 
[Claim 12] 

A pattern formation method comprising: 

A process of applying the resist composition according to any one of claims 8 to 9 on 

a processing substrate. 

A process exposed with an electron beam. 

A process developed using a developing solution. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

Especially this invention relates to the copolymer used for the suitable chemical 
amplification type resist composition for micro processing which uses an excimer 
laser or an electron beam about a copolymer, its manufacturing method, a resist 
composition, and a pattern formation method. 
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[0002] 

[Description of the Prior Art] 

In recent years, in the field of micro processing in manufacture of a semiconductor 
device or a liquid crystal element, minuteness making is progressing quickly by 
progress of the lithography technology. As the technique of the minuteness making, 
generally, the short wavelength formation of an exposure light source is used, and, 
specifically, the exposure light source has been changing from the ultraviolet rays 
represented by the conventional g line (wavelength: 438 nm) and i line (wavelength: 
365 nm) to DUV (Deep Ultra Violet). 
[0003] 

Now, a KrF excimer laser (wavelength: 248 nm) lithography technology is going to be 
introduced into a commercial scene, and the ArF excimer laser (wavelength: 193 nm) 
lithography technology which attained further short wavelength formation is also going 
to be introduced. F 2 excimer laser (wavelength: 157 nm) lithography technology is 
studied as next-generation art. It inquires energetically also about the electron beam 
lithography technology as a lithography technology of a little different type from these. 
[0004] 

As resist of high resolution to the light source or electron beam of such short 
wavelength, "chemical amplification type resist" is advocated by the International 
business machine (IBM) company, and improvement and development of this chemical 
amplification type resist are furthered energetically now. 
[0005] 

In the short wavelength formation of a light source, the resin used for resist is also 
obliged to the structural change. For example, in KrF excimer laser lithography, high 
polyhydroxy styrene of transparency and the resin which protected the hydroxyl 
group with the dissolution control group of acid dissociation nature are used to light 
with a wavelength of 248 nm. However, in ArF excimer laser lithography, these resin 
cannot necessarily say the transparency over light with a wavelength of 193 nm with it 
being enough, and cannot be used in many cases. 

Therefore, transparent acrylic resin attracts attention to light with a wavelength of 
193 nm as resist resin used in ArF excimer laser lithography. As such acrylic resin, the 
copolymer of the acrylic ester which has an adamantane skeleton in an ester part 
(meta), and the acrylic ester which has a lactone skeleton in an ester part (meta) is 
indicated by the patent documents 1-5, for example. 
[0006] 

However, it may interfere with preparation of a resist solution — these acrylic resin 
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does not have the enough solubility to the solvent at the time of preparing a resist 
solution in many cases, and the dissolution takes a long time, or a manufacturing 
process number increases because insoluble matter occurs. When the insoluble 
matter which the resin contained in a resist composition condenses temporally, and is 
called micro gel during resist solution preservation occurs and an omission occurs in a 
resist pattern, an open circuit, a defect, etc. of a circuit may be produced. The former 
was difficult for improving these faults, without sacrificing sensitivity and resolution. 
[0007] 

[Patent documents 1] 

JP,10-207069,A 

[Patent documents 2] 

JP,2000-26446,A 

[Patent documents 3] 

JP,2001-240625,A 

[Patent documents 4] 

JP,2002-275215,A 

[Patent documents 5] 

JP,2003-64134,A 

[0008] 

[Problem(s) to be Solved by the Invention] 

This invention is high resolution in the manufacturing method of resin excellent in the 
solubility to a solvent, and such resin suitable for a resist composition, and high 
sensitivity, and an object of this invention is to provide the pattern formation method 
of high resolution by a resist composition with little micro gel in a solution, and the 
high sensitivity using this resist composition. 
[0009] 

[Means for Solving the Problem] 

The first gist of this invention is in a copolymer which contains a constitutional unit 
expressed with a formula (1), and contains a constitutional unit which has at least a 
kind of lactone skeleton chosen from a group which consists of formula (2-1) - (2-6). 
[0010] 
[Formula 4] 
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R 

(~CH 2 -} 




(R expresses a hydrogen atom or a methyl group among a formula (1).) 

[0011] 

[Formula 5] 
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(R 22 R 21 among a formula (2-1) - a formula (2-6)) R 23 , R 24 , R 25 , R 26 , R 11 , R 12 , R 13 , R 14 , R 15 , 
R 16 , R 17 , R 18 , And R 19 expresses a hydrogen atom or a methyl group independently, 
respectively, X \ X 2 , X 3 , X 4 , X 5 , Independently X 6 , respectively And a hydroxy group, 
a carboxy group, an amino group, and a cyano group, And the hydroxy group which 
may have at least one basis chosen from the group which consists of the acyl group 
and ester group of the carbon numbers 1-6 which may have a substituent, A carboxy 
group, an amino group, a cyano group or the alkyl group of the carbon numbers 1-6, an 
acyl group, an alkoxy group, or an ester group is expressed. Straight chain shape and 
branched state any may be sufficient as a substituent. n1-n6 express the integer of 
0-4 independently, respectively, and m expresses 1 or 2. When nN (N= 1-6) is two or 
more, one sort or two sorts or more may be sufficient as X N . R 41 , R 42 , and R 43 express 
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the alkyl group of a hydrogen atom, straight chain shape, or the branched state carbon 
numbers 1-8 independently, respectively. 

Independently A 1 , A 2 , A 3 , and A 4 , respectively A hydrogen atom, . [ whether an alkyl 
group of the carbon numbers 1-6, a hydroxy group, a carboxy group, or an ester group 
of the carbon numbers 1-6 is expressed, and ] Or A 1 , A 2 and/or A 3 , and A 4 become 
together, and express a methylene chain [-(CH 2 ) k - (k expresses an integer of 1-6)] of 
-O- -S-, -NH- or the carbon numbers 1-6. A methylene chain may have branching. 
Y 1 \ Y 12 , and Y 13 express -CH 2 - or -CO-O- independently, respectively, and at least 
one expresses -CO-O- before long. 

Y 14 , Y 15 , and Y 16 express -CH 2 - or -CO-O- independently, respectively, and at least 
one expresses -CO-O- before long. 

Y 17 , Y 18 , and Y 19 express -CH 2 - or -CO-O- independently, respectively, and at least 

one expresses -CO-O- before long. 

[0012] 

The second gist of this invention is in a manufacturing method of a copolymer of the 
first invention that polymerizes while a solution made to dissolve a monomer and a 
polymerization initiator which serve as a constitutional unit of a copolymer of this 
invention by polymerizing in an organic solvent is dropped into an organic solvent 
heated by polymerization temperature. 

The third gist of this invention is in a resist composition containing a copolymer of the 
first invention. 

The fourth gist of this invention is in a pattern formation method which has a process 
of applying a resist composition of the third invention on a processing substrate, a 
process exposed with light with a wavelength of 250 nm or less, and a process 
developed using a developing solution. 
[0013] 

[Embodiment of the Invention] 

The copolymer of this invention contains the constitutional unit expressed with said 
formula (1). 

For example, the copolymer of this invention is obtained by carrying out 
copolymerization of the monomer containing the acrylic ester expressed with a 
formula (4) (meta). The number of the acrylic ester expressed with a formula (4) 
(meta) may be one, or that of it may be two. 
[0014] 
[Formula 6] 
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(R expresses a hydrogen atom or a methyl group among a formula (4).) 
"Acrylic acid (meta)" is a general term for acrylic acid and methacrylic acid. 
[0015] 

The copolymer of this invention is preferred as resin for resist compositions, 
especially resin for chemical amplification type resist compositions, for example. 
Hereafter, the case where the copolymer of this invention is resin for chemical 
amplification type resist compositions is explained. 
[0016] 

Character which becomes meltable to an alkaline aqueous solution with acid, and dry 
etching resistance are required of resin for chemical amplification type resist 
compositions. A constitutional unit shown by said formula (1) has outstanding 
solubility over an organic solvent, heat resistance, high dry etching resistance, and the 
character that becomes meltable to an alkaline aqueous solution in an operation of 
acid. 
[0017] 

An acrylic acid derivative which has a dry-etching-resistance improvement group 
publicly known as a chemical amplification type positive resist, and an acid 
dissociation nature group in this invention until now in a monomer shown by said 
formula (4) (meta), And (meta) if needed, carboxylic acid which has an ethylene nature 
double bond meltable to alkali (water) solutions, such as acrylic acid, maleic acid, and 
fumaric acid, a publicly known monomer used for manufacture of an acrylic resin, etc. 
are combined suitably, copolymerization can be carried out, and it can use. 
[0018] 

As the aforementioned acrylic acid derivative (meta), for example (meta) Acrylic acid 
tert-butyl, (Meta) Acrylic acid tetrahydropyranyl, acrylic acid (meta) tetrahydrofuranyl, 
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(Meta) Acrylic acid 1-methylcyclohexyl, acrylic acid (meta) 1 -methyl adamanthyl, 
(Meta) Acrylic acid ethoxyethyl, acrylic acid (meta) ethoxypropyl, (Meta) Acrylic ester 
which protected a hydroxyl group of carboxyl groups, such as ester of acrylic acid and 
2-hydroxy-3-PINANON, by an acid dissociation nature substituent (meta), Or (meta) 
acrylic acid adamanthyl, acrylic acid (meta) cyclohexyl, (Meta) Acrylic acid naphthyl, 
acrylic acid (meta) benzyl, acrylic acid (meta) 3-oxocyclohexyl, (Meta) Acrylic acid 
bicyclo[2.2.1] heptyl, acrylic acid (meta) tricyclo deca nil, (Meta) Acrylic ester (meta) 
etc. which protected a hydroxyl group of carboxyl groups, such as ester of acrylic acid 
and a terpineol and ester of acrylic acid (meta) and 3-bromoacetone, by an acid 
nondissociative substituent are mentioned. 
[0019] 

As carboxylic acid which has an ethylene nature double bond meltable to an alkali 
(water) solution, Acrylic acid, maleic acid, fumaric acid, norbornene, or its part For 
example (meta), an alkyl group, An alkyloxy group, a hydroxyl group, a hydroxyalkyl 
group, a carboxy group, And a norbornene derivative replaced by an alkyloxy carbonyl 
group etc., Vinyl ether derivatives, such as ethyl vinyl ether, cyclohexylvinyl ether, and 
hydroxyethyl vinyl ether, Styrene derivatives, such as styrene, PARAHIDOROKISHI 
styrene, PARAMETOKISHI styrene, and Para tert-butoxystyrene, a maleic anhydride, 
etc. can be mentioned. 
[0020] 

As an example of a publicly known monomer used for manufacture of an acrylic resin, 
(Meta) Acrylic acid or a hydrogen atom of these carboxy groups Methyl, Ethyl, 
n-propyl, isopropyl, n-butyl, tert-butyl, n-hexyl, octyl, 2-ethylhexyl, lauryl, 
2-hydroxyethyl, 2-hydroxypropyl, cyclopentyl, cyclohexyl, 2-hydroxyethyl, An acrylic 
acid derivative (meta) etc. which were replaced by bases, such as norbornyl, tricyclo 
deca nil, adamanthyl, 2-methyl-2-adamanthyl, tetrahydropyranyl, and 
tetrahydrofuranyl, can be mentioned. 
[0021] 

a constitutional unit which has an unstable basis in other acid with a constitutional 
unit which has a basis (basis from which it is easy to be desorbed in an operation of 
acid) with a copolymer of this invention unstable in acid expressed with said formula 
(1) — one sort — or two or more sorts may be contained. As a constitutional unit 
which has an unstable basis, a constitutional unit expressed with formula (6-1) - 
(6-19) is mentioned to acid, for example. 
[0022] 
[Formula 7] 
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(R expresses a hydrogen atom or a methyl group among formula (6-1) - (6-19).) 
Especially, the constitutional unit expressed with said formula (6-3) - (6-19) from the 
point that the dry etching resistance needed for resist is high is preferred. 
[0024] 

The constitutional unit expressed with said formula (6-1) - (6-19) is acquired by 
carrying out copolymerization of the monomer expressed for example, with formula 
(7-1) - (7-19), respectively etc. 
[0025] 
[Formula 9] 



17 



JP 2005-023092 



R 



o 

(7-1) 





(7-5) 



(7-2) 
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(7-3) 




(7-7) 
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(7-8) 




(7-9) 



(7-10) 




(7-11) 




(7-12) 




(7-13) 




(7-14) 



(7-16) 





(7-15) 



(7-17) 




(7-18) 




(7-19) 



(R 71 expresses a hydrogen atom or a methyl group among formula (7-1) - (7-19).) 
[0026] 

The copolymer of this invention contains the constitutional unit (it may be hereafter 
called the constitutional unit which has a lactone skeleton) which has at least a kind of 
lactone skeleton chosen from the group which consists of said formula (2-1) - (2-6). 
One sort or two sorts or more may be sufficient as the constitutional unit which has a 
lactone skeleton. 
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[0027] 

The constitutional unit which has a lactone skeleton is excellent in the adhesion over 
a substrate face etc. When it has a protective group from which these constitutional 
units are desorbed with acid, it has the more outstanding sensitivity. When [ of the 
number of carbon atoms which it has to all the atomic numbers in these constitutional 
units ] comparatively (henceforth carbon density) high, it has the more outstanding 
dry etching resistance. 
[0028] 

As for n1 in a formula (2-1), it is preferred that it is 0 from the point that the solubility 
to an organic solvent is high. 

As for m in a formula (2-1), it is preferred from a point of sensitivity and resolution 
that it is 1. 

As A 1 in a formula (2-2), and A 2 , it becomes together, -CH 2 - is preferred from a point 
that dry etching resistance is high, and -[ from a point that solubility to an organic 
solvent is high ] O- is preferred. 

As for n2 in a formula (2-2), it is preferred that it is 0 from a point that dry etching 
resistance is high. 

As A 3 in a formula (2-3), and A 4 , from a point that dry etching resistance is high, -CH 2 - 
is preferred and -[ from a point that solubility to an organic solvent is high ] O- is 
preferred. As for n7 in a formula (2-3), it is preferred that it is 0 from a point that dry 
etching resistance is high. 

As R 11 in a formula (2-4), R 12 , and R 13 , a point that solubility to an organic solvent is 
high to a hydrogen atom is preferred. 

It is preferred that one is -CO-O- and the two [ remaining ] are -CH 2 - from a point 
that adhesion to a substrate face etc. is high, as Y 11 in a formula (2-4), Y 12 , and Y 13 . 
As for n4 in a formula (2-4), it is preferred that it is 0 from a point that dry etching 
resistance is high. 

As R 41 in a formula (2-5), and R 42 , a methyl group from a point of sensitivity and 
resolution, an ethyl group, and an isopropyl group are preferred. 
As R 14 in a formula (2-5), R 15 , and R 16 , a point that solubility to an organic solvent is 
high to a hydrogen atom is preferred. 

It is preferred that one is -CO-O- and the two [ remaining ] are -CH 2 - from a point 
that adhesion to a substrate face etc. is high, as Y 14 in a formula (2-5), Y 15 , and Y 16 . 
As for n5 in a formula (2-5), it is preferred that it is 0 from a point that dry etching 
resistance is high. 

As R 43 in a formula (2-6), a methyl group from a point of sensitivity and resolution, an 
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ethyl group, and an isopropyl group are preferred. 

As R 17 in a formula (2-6), R 18 , and R 19 , a point that solubility to an organic solvent is 
high to a hydrogen atom is preferred. 

It is preferred that one is -CO-O- and the two [ remaining ] are -CH 2 - from a point 
that adhesion to a substrate face etc. is high, as Y 17 in a formula (2-6), Y 18 , and Y 19 . 
As for n6 in a formula (2-6), it is preferred that it is 0 from a point that dry etching 
resistance is high. 
[0029] 

What is necessary is just to carry out copolymerization of the monomer which has a 
formula (two to 1 m), and a lactone skeleton - (two to 6 m), for example, in order to 
introduce into a copolymer a constitutional unit which has a lactone skeleton. A 
monomer which has a lactone skeleton can be used combining two or more sorts one 
sort or if needed. 
[0030] 

[Formula 10] 




(2-1n) (2-2«) w (2-3m) 




(R expresses a hydrogen atom or a methyl group, and X 1 - X 6 , n1-n6, A 1 - A 4 , Y 11 - Y 19 , 
R 11 - R 19 and R 4 ' - R 43 are synonymous with a formula (2-1) - a formula (2-6).) 
[0031] 
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Specifically as a monomer which has a lactone skeleton, the monomer expressed with 
formula (8-1) - (8-24) is mentioned. These monomers are the concepts containing all 
the conformers and optical isomers, and can be used as pure isomers and those 
mixtures. 
[0032] 

[Formula 1 1] 




(8-1) (8-2) (8-3) (8-4) 
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(R expresses a hydrogen atom or a methyl group among formula (8-1) - (8-24).) 
[0033] 

As a monomer which has a lactone skeleton, a monomer expressed with said formula 
(8-1) from a point of sensitivity is preferred especially, A monomer expressed with 
said formula (8-6), (8-10), (8-14), (8-18), and (8-21) from a dry etching resistance 
point is preferred, and a monomer expressed with said formula (8-7), (8-11), (8-15), 
and (8-19) from a soluble point to an organic solvent is preferred. 
[0034] 

A minimum is a point of sensitivity and resolution about a ratio of a constitutional unit 
expressed with said formula (1) in a copolymer, more than 15 mol % is preferred, more 
than 30 mol % is more preferred, and more than 40 mol % especially is preferred. It is a 
soluble point to adhesion and an organic solvent to a substrate face etc., a maximum 
of less than 90 mol % is preferred, is more preferred, and is preferred. [ of less than 60 
mol % / especially ] [ of less than 70 mol % ] 
[0035] 

When a copolymer consists of a constitutional unit expressed with said formula (1), 
and a constitutional unit which has a lactone skeleton about a ratio of a constitutional 
unit which has a lactone skeleton in a copolymer, more than 10 mol % of a minimum is 
preferred, more than its 30 mol % is more preferred, and more than its 35 mol % 
especially is preferred. A maximum of less than 90 mol % is preferred, is more 
preferred, and is preferred. [ of less than 60 mol % / especially ] [ of less than 70 
mol % ] 
[0036] 

A constitutional unit as which a copolymer is expressed in said formula (1) about a 
ratio of a constitutional unit which has a lactone skeleton in a copolymer, When 
consisting of a constitutional unit which has a lactone skeleton, and other 
constitutional units, more than 10 mol % of a minimum is preferred, more than its 25 
mol % is more preferred, and more than its 30 mol % especially is preferred. A maximum 
of less than 90 mol % is preferred, is more preferred, and is preferred. [ of less than 60 
mol % / especially ] [ of less than 70 mol % ] 
[0037] 

As for a copolymer of this invention, it is preferred that resist pattern rectangle 
nature contains a constitutional unit which has a polar group with a constitutional unit 
expressed with a formula (1) and a constitutional unit which has a lactone skeleton 
from a good point. A constitutional unit which has a polar group is good also as two or 
more sorts also as one sort. More than 5 mol % of a minimum of a ratio of a 
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constitutional unit which has a polar group is preferred from a point of resist pattern 
rectangle nature, and more than its 10 mol % is more preferred. More than 10 mol % is 
preferred from a soluble point to an organic solvent, and more than 15 mol % is more 
preferred. More than 15 mol % is preferred from a point of micro gel suppression, and 
more than 20 mol % is more preferred. Less than 70 mol % of a maximum of a ratio of a 
constitutional unit which has a polar group is preferred from a point of sensitivity and 
resolution, it is more preferred, and is preferred. [ of less than 45 mol % / especially ] 
[ of less than 55 mol % ] 
[0038] 

When it has a protective group from which a copolymer containing a polar group is 
desorbed with acid, it has the more outstanding sensitivity. When these constitutional 
units contain high carbon density, it has the more outstanding dry etching resistance. 
Although there is no limitation as a constitutional unit which has a polar group, a 
constitutional unit expressed especially with said formula (3-1) - (3-4) from 
sensitivity or a dry etching resistance point is preferred. 
[0039] 

X 7 has a hydroxy group and a preferred cyano group from a point of solubility to an 
organic solvent, and pattern shape rectangle nature among a formula (3-1), and, as for 
n7, it is preferred from a point of pattern shape rectangle nature that it is 1. 
Among a formula (3-2), X 8 has a hydroxy group and a preferred cyano group from a 
point of solubility to an organic solvent, and pattern shape rectangle nature, and a 
methyl group, an ethyl group, and an isopropyl group are preferred from a point of 
sensitivity and resolution as R 45 and R 46 . As for n8, it is preferred from a point of 
pattern shape rectangle nature that it is 1. 

Among a formula (3-3), X 9 has a hydroxy group and a preferred cyano group from a 
point of solubility to an organic solvent, and pattern shape rectangle nature, and a 
methyl group, an ethyl group, and an isopropyl group are preferred from a point of 
sensitivity and resolution as R 47 . A soluble point to an organic solvent to a hydrogen 
atom is preferred. As for n9, it is preferred from a point of pattern shape rectangle 
nature that it is 1. As for q, it is preferred from a soluble point to an organic solvent 
that it is 0. It is preferred that it is 1 from a point that dry etching resistance is high. 
X 10 has a hydroxy group and a preferred cyano group from a point of solubility to an 
organic solvent, and pattern shape rectangle nature among a formula (3-4), and, as for 
n10, it is preferred from a point of pattern shape rectangle nature that it is 1. 
[0040] 

What is necessary is just to carry out copolymerization of the monomer which has a 
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polar group, for example, in order to introduce into a copolymer a constitutional unit 
which has a polar group. A monomer which has a polar group can be used combining 
two or more sorts one sort or if needed. 

As such a monomer, formula (three to 1 m) - (three to 4 m) is mentioned. 
[0041] 

[Formula 12] 




(R expresses hydrogen or a methyl group.) Other signs are synonymous with formula 

(3-1) -(3-4). 

[0042] 

A polar group by the monomer which it has as a compound except said, For example, 
methyl acrylate (meta), ethyl acrylate (meta), 2-ethylhexyl acrylate (meta), (Meta) 
Acrylic acid n-propyl, acrylic acid (meta) isopropyl, (Meta) Butyl acrylate, isobutyl 
acrylate (meta), acrylic acid (meta) t-butyl (it may express the following tBMA), (Meta) 
Acrylic acid methoxymethyl, acrylic acid (meta) n-propoxyethyl, (Meta) Acrylic acid 
i-propoxyethyl, acrylic acid (meta) n-butoxyethyl, (Meta) Acrylic acid i-butoxyethyl, 
acrylic acid (meta) t-butoxy ethyl, (Meta) Acrylic acid 2-ethoxyethyl, acrylic acid 
(meta) 1-ethoxyethyl, (Meta) Acrylic acid cyclohexyl, acrylic acid (meta) isobornyl, 
(Meta) Acrylic acid 1-adamanthyl, acrylic acid (meta) tricyclo deca nil, acrylic acid 
(meta) dicyclopentadienyl, acrylic acid (meta) tricyclo deca nil, acrylic acid (meta) 
tetracyclo dodecanyl, the acrylic acid (meta) 2 and 2, 2-trifluoroethyl, (Meta) Acrylic 
acid 2,2,3,3-tetrafluoro n-propyl, (Meta) Acrylic acid 2,2,3,3,3-pentafluoro n-propyl, 
alpha-(Tori) fluoro[ alpha-(Tori) fluoro/ methyl / methylacrylate and ethyl ] 
methylacrylate, alpha-(Tori) fluoro 2-ethylhexyl methylacrylate, alpha-(Tori) fluoro 
methylacrylic acid n-propyl, alpha-(Tori) fluoro methylacrylic acid i-propyl, 
alpha-(Tori) fluoro methylacrylic acid n-butyl, alpha-(Tori) fluoro methylacrylic acid 
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i-butyl, alpha-(Tori) fluoro methylacrylic acid t-butyl, alpha-(Tori) fluoro[ alpha-(Tori) 
fluoro methylacrylic acid methoxymethyl and ethoxyethyl ] methylacrylate, 
alpha-(Tori) fluoro methylacrylic acid n-propoxyethyl, alpha-(Tori) fluoro 
methylacrylic acid i-propoxyethyl, alpha-(Tori) fluoro methylacrylic acid 
n-butoxyethyl, alpha-(Tori) fluoro methylacrylic acid i-butoxyethyl, And acrylic ester 
with a straight chain or branching structures (meta), such as alpha-(Tori) fluoro 
methylacrylic acid t-butoxy ethyl, and maleic acid, a maleic anhydride. Although it is 
usable in unsaturated carboxylic acid, such as itaconic acid and itaconic acid 
anhydride, a carboxylic anhydride and N-methylacrylamide, N,N-dimethylacrylamide, 
VCM/PVC, and vinyl pyrrolidone, (Meta) Acrylic acid, acrylonitrile (meta), acrylamide 
(meta), (Meta) Acrylic acid hydroxyalkyl, acrylic acid (meta) cyano alkyl, (Meta) The 
derivative which has a polar substituent on the cyclic hydrocarbon group of acrylic 
acid amino alkyl and acrylic acid (meta) cyclohexyl, (Meta) The derivative which has a 
polar substituent on the cyclic hydrocarbon group of acrylic acid isobornyl, (Meta) The 
derivative which has a polar substituent on the cyclic hydrocarbon group of acrylic 
acid adamanthyl, (Meta) The derivative which has a polar substituent on the cyclic 
hydrocarbon group of acrylic acid tricyclo deca nil, (Meta) The derivative which has a 
polar substituent on the cyclic hydrocarbon group of acrylic acid dicyclopentadienyl, 
(Meta) The derivative which has a polar substituent on the cyclic hydrocarbon group 
of acrylic acid tricyclo deca nil, and the derivative which has a polar substituent on the 
cyclic hydrocarbon group of acrylic acid (meta) tetracyclo dodecanyl are preferred. 
[0043] 

Specifically as a monomer which has a polar group, a monomer expressed with formula 
(9-1) - (9-109) is mentioned. These monomers are the concepts containing all the 
conformers and optical isomers, and can be used as pure isomers and those mixtures. 
[0044] 

[Formula 13] 
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(9-1) (9-2) (9-3) (9-4) (9-5) 




o o o o 

(9-108) (9-6) (9-7) (9-8) 




(9-17) (9-18) (9-19) (9-20) 




(9-21) (9-22) (9-23) (9-24) 



[0045] 

[Formula 14] 
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[0046] 

[Formula 15] 
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[0047] 

[Formula 16] 
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{9-65) (9-66) (9-67) (9-68) 




(9-69) (9-70) (9-71) (9-72) 




(9-77) (9-78) (9-79) (9-80) 




(9-81) (9-82) (9-83) (9-84) 



[0048] 

[Formula 17] 
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(R expresses a hydrogen atom or a methyl group among formula (9-1) - (9-109).) 
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[0049] 

As a monomer which it has, a polar group from a dry etching resistance high point 
especially. The monomer expressed with said formula (9-9) - (9-109) is more 
preferred, Said formula [ from a soluble point to an organic solvent ] (9-1) - (9~8), and 
(9-108), Said formula (9-65) - (9-68), said formula (9-85) - (9-88), And the monomer 
expressed with said formula (9-104) - (9-109) is more preferred, and the monomer 
expressed with said formula (9-9) - (9-64), said formula (9-69) - (9-84), said formula 
(9-89) - (9-103), and said formula (9-109) from a point of sensitivity is more preferred. 
[0050] 

As for the copolymer of this invention, when using it for ArF excimer laser lithography, 
it is preferred to contain the constitutional unit expressed with said formula (1), the 
constitutional unit which has a lactone skeleton, and the constitutional unit which has 
the aforementioned polar group. 
[0051] 

A copolymer of this invention may contain constitutional units other than a 
constitutional unit which has further a constitutional unit expressed with said formula 
(1), a constitutional unit which has a lactone skeleton, and a polar group. That is, a 
copolymer for resist of this invention may carry out copolymerization of other 
copolymerizable monomers other than a monomer which has a monomer expressed 
with said formula (4), a monomer which has a lactone skeleton, and a polar group. 
[0052] 

As such other monomers, for example Styrene, alpha-methylstyrene, Vinyltoluene, 
p-hydroxystyrene, p-t-butoxycarbo NIRUHIDOROKISHI styrene, 
3,5-di-t-butyl-4-hydroxystyrene, 3,5-dimethyl- 4-hydroxystyrene, Aromatic alkenyl 
compounds, such as p-t-perfluoro-butylstyrene and p-(2~hydroxy-i-propyl) styrene, 
Ethylene, propylene, norbornene, tetrafluoroethylene, ethylene, and vinyl fluoridation, 
vinylidene fluoride, tetrafluoroethylene, etc. are mentioned. These monomers can be 
used combining one sort or two sorts or more if needed. When it has a protective 
group from which these monomers are desorbed with acid, it has the more outstanding 
sensitivity. 

Usually, as for these monomers, it is preferred to use quantity that a constitutional 
unit of these monomeric unit origin in a copolymer serves as a range not more than 20 
mol %. 
[0053] 

In a copolymer of this invention, each constitutional unit can take arbitrary sequences. 
Therefore, this copolymer may be a random copolymer, may be an alternating 
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copolymer, may be a block copolymer, or may be a graft copolymer. 
[0054] 

Although weight average molecular weight in particular of a copolymer for resist of 
this invention is not limited, it is preferred that it is within the limits of 1,000-100,000, 
it is more preferred that it is within the limits of 2,000-50,000, and it is still more 
preferred that it is within the limits of 4,000-30,000. A molecular weight can be 
adjusted by fluctuating the amount of polymerization initiator used mentioned later. 
Using a chain transfer agent mentioned later can also adjust a molecular weight. 
[0055] 

As a polymerization initiator used for manufacture of a copolymer of this invention, 
what generates a radical efficiently with heat is preferred. As such a polymerization 
initiator, organic peroxide, such as azo compound;2,5-dimethyl- 
2,5~bis(tert-butylperoxy)hexane, such as 2,2'-azobisisobutyronitrile and 
dimethyl-2,2'-azobisisobutyrate, etc. are mentioned, for example. When safety at the 
time of a polymerization, etc. are taken into consideration, as a polymerization initiator 
to be used, a not less than 60 ** thing has 10 preferred hour half life period 
temperature. 
[0056] 

When manufacturing a copolymer for resist of this invention, a chain transfer agent 
may be used. By using a chain transfer agent, molecular weight distribution of a 
copolymer which can lessen the amount of polymerization initiator used when 
manufacturing a copolymer of low molecular weight, and is obtained can be narrowed. 
As a suitable chain transfer agent, 1-butanethiol, 2-butanethiol, 1-octanethiol, 

1- decanethiol, 1-tetradecanethiol, a cyclohexane thiol, 2-methyl-1-propanethiol, 

2- mercaptoethanol, etc. are mentioned, for example. 
[0057] 

Less than 30 mol % of the amount of polymerization initiator used is preferred to the 
monomer whole quantity used for copolymerization from a point that more than 0.3 
mol % is preferred, and it narrows molecular weight distribution of a copolymer to the 
monomer whole quantity used for copolymerization from a point which raises yield of a 
copolymer. 

The amount of chain transfer agent used molecular weight distribution of a copolymer 
from a point to narrow. More than 0 mol % is preferred to the monomer whole quantity 
used for copolymerization, and a point to less than 30 mol % to which resist 
performances, such as adhesion to sensitivity/and resolution, a substrate face, etc. at 
the time of using a copolymer as a resist composition, are not reduced is preferred. 



32 



JP 2005-023092 



[0058] 

In an obtained copolymer, structure of a polymerization initiator and chain transfer 
agent origin is included. When manufacturing a copolymer for resist used in optical 
lithography, a polymerization initiator and a chain transfer agent with few falls of light 
transmission are preferred in a wavelength area of a light source used by optical 
lithography. In ArF, as a polymerization initiator to be used and a chain transfer agent, 
what does not have an aromatic ring in molecular structure is preferred. 
[0059] 

Although a manufacturing method in particular of a copolymer of this invention is not 
limited, it is preferred to manufacture by solution polymerization or dropping 
polymerization, A manufacturing method (it is called dropping solution polymerization 
below) which polymerizes while a solution made to dissolve a monomer and a 
polymerization initiator which serve as a constitutional unit of a copolymer of this 
invention by polymerizing especially in an organic solvent is dropped into an organic 
solvent heated by polymerization temperature is preferred. A narrow copolymer of 
molecular weight distribution is obtained by manufacturing a copolymer for resist of 
this invention by a dropping solution polymerization method. Since a monomer output 
rate in a polymerization solution becomes comparatively fixed, a narrow copolymer of 
composition distribution is obtained. 
[0060] 

In a dropping solution polymerization method, after teaching an organic solvent 
beforehand to a polymerization vessel and heating it to predetermined polymerization 
temperature for example, a monomer solution made to dissolve a chain transfer agent 
in an organic solvent a monomer and a polymerization initiator, and if needed is 
dropped into an organic solvent in a polymerization vessel. 
Although polymerization temperature in particular in a dropping solution 
polymerization method is not limited, it is usually preferred that it is within the limits of 
50-150 **. 
[0061] 

As an organic solvent used in a dropping solution polymerization method, a monomer 
and a polymerization initiator to be used and a copolymer obtained, and a solvent 
which can dissolve all of the chain transfer agent when using a chain transfer agent 
further are preferred. As such an organic solvent, for example 1,4-dioxane, isopropyl 
alcohol, Acetone, a tetrahydrofuran (it is also called the following "THF".), methyl 
ethyl ketone (it is also called the following "MEK".), Methyl isobutyl ketone (it is also 
called the following "MIBK".), gamma-butyrolactone, 
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propylene-glycol-monomethyl-ether acetate (it is also called the following 

"PGMEA".), ethyl lactate, etc. are mentioned. 

[0062] 

Although monomer concentration in particular of a monomer solution dropped into an 
organic solvent is not limited, it is preferred that it is within the limits of 5 - 50 mass %. 
Quantity in particular of an organic solvent taught to a polymerization vessel is not 
limited, but what is necessary is just to decide it suitably. Usually, it is used within the 
limits of 0.3-7 times the amount to the monomer whole quantity used for 
copolymerization. 
[0063] 

A copolymer solution manufactured by methods, such as solution polymerization, 
After diluting with good solvents, such as 1,4-dioxane, acetone, THF, MEK, MIBK, 
gamma-butyrolactone, PGMEA, and ethyl lactate, to suitable solution viscosity if 
needed, it is dropped into a lot of poor solvents, such as methanol and water, and a 
copolymer is deposited. This process is dramatically effective in order to remove 
unreacted materials which are generally called reprecipitation and remain in a 
polymerization solution, such as a monomer and a polymerization initiator. Since these 
unreacted materials may have an adverse effect on resist performance if they remain 
as it is, removing as much as possible is preferred. A reprecipitation process may 
become unnecessary by a case. Then, a ** exception carries out the sludge, it is fully 
dried, and a copolymer of this invention is obtained. After a ** exception's carrying 
out, it can also be used with a wet powder, without drying. A copolymer solution can 
be diluted with a solvent remaining as it is or suitable, and can also be used as a resist 
composition. Preservation stabilizer etc. may be added in that case. 
[0064] 

This invention is a resist composition containing the aforementioned copolymer. 

A resist composition of this invention dilutes with a suitable solvent what dissolved a 

copolymer of above this inventions in a solvent, a thing which uses a copolymer 

solution as it was, or a copolymer solution. One sort or two sorts or more may be 

sufficient as a copolymer for resist of this invention. 

[0065] 

In a resist composition of this invention, an organic solvent is arbitrarily chosen 
according to the purpose. 

As a solvent, for example Methyl ethyl ketone, methyl isobutyl ketone, Straight chains 
or branched chain ketone, such as 2-pentanone and 2-hexanone; Cyclopentanone, 
Cyclic ketone, such as cyclohexanone; Propylene-glycol-monomethyl-ether acetate, 
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Propylene glycol monoalkyl acetate, such as propylene glycol monoethyl ether 
acetate; Ethylene glycol monomethyl ether acetate, Ethylene glycol monoalkyl ether 
acetate, such as ethylene glycol monoethyl ether acetate; Propylene glycol 
monomethyl ether, Propylene glycol monoalkyl ether, such as propylene glycol 
monoethyl ether; Ethylene glycol monomethyl ether, Ethylene glycol monoalkyl ether, 
such as ethylene glycol monoethyl ether and ethylene glycol mono- isopropyl-ether; 
Diethylene glycol dimethyl ether, Ester species, such as diethylene glycol alkyl ether; 
ethyl acetate, such as diethylene glycol monomethyl ether and diethylene glycol 
diethylether, and ethyl lactate; N-propyl alcohol, Alcohols, such as isopropyl alcohol, 
n-butyl alcohol, tert-butyl alcohol, cyclohexanol, and 1-octanol; 1,4-dioxane, ethylene 
carbonate, gamma-butyrolactone, etc. are mentioned. One sort or two sorts or more 
may be sufficient as these solvents. 
[0066] 

Content of a solvent is 200 or more mass parts to copolymer (copolymer of this 
invention) 100 mass part for resist, and it is usually more preferred that they are 300 
or more mass parts. Content of a solvent is 5000 or less mass parts to copolymer 
(copolymer of this invention) 100 mass part for resist, and it is usually more preferred 
that they are 2000 or less mass parts. 
[0067] 

When using a copolymer for resist of this invention as chemical amplification type 
resist, a photo-oxide generating agent is contained. Here, a photo-oxide generating 
agent is a compound which generates acid by the exposure of active light or radiation. 
A photo-oxide generating agent may use two or more sorts together, using one sort. 
[0068] 

As such a photo-oxide generating agent, an onium salt compound, a sulfonimide 
compound, sulfone compounds, a sulfonic acid ester compound, a quinone diazide 
compound, a diazomethane compound, etc. are mentioned, for example. As a 
photo-oxide generating agent, especially, onium salt compounds, such as sulfonium 
salt, iodonium salt, phosphonium salt, diazonium salt, and pyridinium salt, have them, 
and specifically, [ preferred ] Triphenylsulfonium triflate, triphenylsulfonium 
hexafluoroantimonate, Triphenylsulfonium naphthalene sulfonate, 
benzyl(hydroxyphenyl) methyl sulfonium toluenesulfonate, Diphenyliodonium triflate, 
diphenyliodonium pyrene sulfonate, diphenyliodonium dodecylbenzene sulfonate, 
diphenyliodoniumhexafluoroantimonate, etc. are mentioned. 
[0069] 

Although content of a photo-oxide generating agent is suitably decided by a kind of 
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selected photo-oxide generating agent, it is 0.1 or more mass parts to copolymer 
(copolymer of this invention) 100 mass part for resist, and it is usually more preferred 
that they are 0.5 or more mass parts. A chemical reaction by a catalysis of acid by 
which it was generated by exposure can be made to fully occur by making content of a 
photo-oxide generating agent into this range. Content of a photo-oxide generating 
agent is 20 or less mass parts to copolymer (copolymer of this invention) 100 mass 
part for resist, and it is usually more preferred that they are ten or less mass parts. By 
making content of a photo-oxide generating agent into this range, the stability of a 
resist composition improves and generating of spreading unevenness at the time of 
applying a constituent, SCUM at the time of development, etc. fully decreases. 
[0070] 

Various additive agents, such as a surface-active agent, quencher, a sensitizer, an 
antihalation agent, preservation stabilizer, and a defoaming agent, can also be blended 
with a resist composition of this invention if needed. Loadings in particular of these 
additive agents are not limited, but what is necessary is just to decide them suitably. 
A copolymer for resist of this invention may be used as resist compositions an object 
for metal etching, an object for photofabrication, an object for platemaking, an object 
for holograms, an object for light filters, for phase difference films, etc. 
[0071] 

Next, an example of a pattern formation method of this invention is explained. 
First, a resist composition of this invention is applied to the surface of processing 
substrates, such as a silicon wafer which forms a pattern, with a spin coat etc. And it 
dries by baking treatment (prebaking) etc. and a processing substrate to which this 
resist composition was applied forms a resist film on a substrate. 

Subsequently, a resist film produced by doing in this way is irradiated with light or an 
electron beam of 250 nm or less of wavelength via a photo mask (exposure). As a light 
with a wavelength of 250 nm or less, a KrF excimer laser or an ArF excimer laser is 
preferred, and especially an ArF excimer laser is preferred. 
[0072] 

After an optical exposure (exposure), it heat-treats suitably (after-exposure bake, 
PEB), a substrate is immersed in an alkali developing solution, and dissolution removal 
of the exposed part is carried out at a developing solution (development). And rinsing 
treatment of the substrate is suitably carried out with pure water etc. after 
development. Thus, a resist pattern is formed on a processing substrate. 
[0073] 

Usually, a processing substrate in which a resist pattern was formed is heat-treated 
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suitably (postbake), strengthens resist, and etches a portion without resist selectively. 

After etching, resist is usually removed using a remover. 

[0074] 

[Example] 

Hereafter, although an example explains this invention concretely, this invention is not 

limited to these. Especially, it shows a "mass part" that it is the inside of each 

example and a comparative example "part", as long as there is no notice. 

The physical properties etc. of the copolymer manufactured as follows were measured. 

[0075] 

<Average molecular weight and molecular weight distribution of a copolymer> 
About 20-mg copolymer for resist was dissolved in the tetrahydrofuran of 5ml_, it 
filtered with a 0.5-micrometer membrane filter, the sample solution was prepared, and 
this sample solution was measured using the gel permeation chromatography (GPC) 
by TOSOH CORP. An isolation column uses the Showa Denko K.K. make and the thing 
which made Shodex GPC K-805L (trade name) 3 series, Solvents are a 
tetrahydrofuran and flow 1.0 mL/min, detectors are a differential refracto meter, the 
measurement temperature of 40 **, and injection-rate 0.1 mL, and it measured as 
standard polymer using polystyrene. 
[0076] 

<The average copolymerization composition ratio of a copolymer (mol %)> 
It asked by measurement of 1 H-NMR. This measurement uses the JEOL Co., Ltd. 
make and GSX-400 type FT-NMR (trade name), The solution of deuterated 
chloroform of the copolymer sample of about 5 mass %, deuterated acetone, or 
deuterated dimethyl sulfoxide was put into the test tube with a diameter [ phi ] of 5 
mm, and 64 addition performed in the measurement temperature of 40 **, the 
observation frequency of 400 MHz, and a single pulse mode. 
[0077] 

<Solubility to an organic solvent> 

Time until it dissolves a copolymer, stirring at a room temperature to PGMEA of the 
specified quantity so that solids concentration may become 20 mass % and dissolves 
thoroughly was measured. 

Time until the copolymer for resist dissolves thoroughly the meaning of the sign in 
Table 1, 

O : it was less than 1 hour, 

O : it was less than 3 hours for 1 hour or more, 
**: It was less than [ more than 3 hour 24 hour ], 
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more than x:24 hour — or insoluble 
It comes out. 

Preparation of a resist composition and measurement of the physical properties were 

performed as follows. 

[0078] 

<Preparation of a resist composition> 

After mixing with 100 copies of copolymers two copies of triphenylsulfonium triflate 
which is a photo-oxide generating agent, and 700 copies of PGMEA(s) which are 
solvents and considering it as a homogeneous solution, it filtered with the membrane 
filter with the aperture of 0.1 micrometer, and the resist composition was prepared. 
[0079] 

<Formation of a resist pattern> 

The spin coat of the prepared resist composition was carried out on the silicon wafer, 
prebaking was performed for 120 ** and 60 seconds using the hot plate, and the resist 
film of 0.4 micrometer of thickness was formed. Subsequently, after exposing using an 
ArF excimer laser exposure machine (wavelength: 193 nm), after-exposure bake was 
performed for 120 ** and 60 seconds using the hot plate. Subsequently, negatives 
were developed for 60 seconds at the room temperature using 2.38 mass % 
tetramethylammonium hydroxide solution, it washed and dried with pure water, and 
the resist pattern was formed. 
[0080] 

<Sensitivity> 

The minimum light exposure (mJ/cm 2 ) which forms in 1/1 of line width a 

0.1 6-micrometer line and space (last shipment, Lline (portion into which resist 

remained), S: space (portion which resist dissolved)) was measured as sensitivity. 

[0081] 

<Resolution> 

The lower limit (micrometer) of the resist pattern resolved when last shipment is 
exposed with the minimum light exposure formed in 1/1 of line width was made into 
resolution. 
[0082] 

<The amount of micro gels> 

About the prepared resist composition, the number of the micro gels in the solution 
immediately after preparation (micro gel initial value) and the number of the micro gels 
in the solution after neglecting it for one week at 4 ** (the number of the micro gels 
after temporality) were measured with the Rion particle counter. And the number of 
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the increases in micro gel calculated with a micro gel initial value by (number of micro 

gels after temporality) - (micro gel initial value) was measured. 

Here, the number of the micro gels which have the particle diameter of 0.25 

micrometers or more which exists in resist composition 1mL was measured. 

[0083] 

[Example 1] Manufacture of the copolymer shown by a formula (10) 
[0084] 

[Formula 18] 




[0085] 

The temperature of the water bath was raised to 80 **, putting in and agitating 17.3 
copies of PGMEA(s) under a nitrogen atmosphere to the separable flask provided with 
the nitrogen feed port, the agitator, the capacitor, and the thermometer. 
2-methacryloyloxy 2-isopropyl adamantane. (It may express IPAdMA hereafter) 10.7 
copies, beta-methacryloyloxy gamma-butyrolactone. (It may express HGBMA 
hereafter) The monomer solution which mixed 10.0 copies, 31.2 copies of PGMEA(s), 
and 0.28 copy of azobisisobutyronitrile (it may express azobisuisobutironitoriru 
hereafter) is dropped into a flask over 6 hours with constant speed. 
Then, it held at 80 ** for 1 hour. 

Subsequently, it was dropped stirring the obtained reaction solution to 800 copies of 
methanol, and precipitate of a white sludge was obtained. The ** exception carried 
out this precipitate and it dried at 50 ** under decompression for about 10 hours. And 
it supplied stirring this precipitate to 800 copies of methanol again, the ** exception 
carried out obtained precipitate, it dried at 60 ** under decompression for about 40 
hours, and the copolymer of the formula (10) was obtained. 
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The result of having measured each physical properties of this copolymer and a resist 
composition was shown in Table 1. The average copolymerization composition ratio 
was IPAdMA:HGBMA=35:65. 
[0086] 

[Example 2] Manufacture of the copolymer shown by a formula (11) 
[0087] 

[Formula 19] 




9H> 



65 




-CH2' 




(11) 



[0088] 

The temperature of the water bath was raised to 80 **, putting in and agitating 20.2 
copies of PGMEA(s) under a nitrogen atmosphere to the separable flask provided with 
the nitrogen feed port, the agitator, the capacitor, and the thermometer. 16.8 copies 
of IPAdMA(s), 2-exo-acryloyloxy 4-oxatricyclo [4.2. 1.0 3,7 ] nonan-5-one. (It may 
express OTNA hereafter) The monomer solution which mixed 7.5 copies, 36.4 copies 
of PGMEA(s), and 0.58 copy of azobisuisobutironitoriru is dropped into a flask over 6 
hours with constant speed. 
Then, it held at 80 ** for 1 hour. 

It was hereafter operated like Example 1 and the copolymer of the formula (11) was 
obtained. 

The result of having measured each physical properties of this copolymer and a resist 
composition was shown in Table 1. The average copolymerization composition ratio 
was IPAdMA:OTNMA=65:35. 
[0089] 

[Example 3] Manufacture of the copolymer shown by a formula (12) 
[0090] 
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[0091] 

The temperature of the water bath was raised to 80 **, putting in and agitating 18.9 
copies of PGMEA(s) under a nitrogen atmosphere to the separable flask provided with 
the nitrogen feed port, the agitator, the capacitor, and the thermometer. 14.4 copies 
of IPAdMA(s), alpha-methacryloyloxy gamma-butyrolactone. (It may express GBLMA 
hereafter) 6.1 copies, 1-methacryloyloxy 3-hydroxy adamantane. (It may express 
HAdMA hereafter) The monomer solution which mixed 2.1 copies, 34.0 copies of 
PGMEA(s), 0.48 copy of azobisuisobutironitoriru, and 0.15 copy of n-octyl mercaptan 
is dropped into a flask over 6 hours with constant speed. 
Then, it held at 80 ** for 1 hour. 

It was hereafter operated like Example 1 and the copolymer of the formula (12) was 
obtained. 

The result of having measured each physical properties of this copolymer and a resist 
composition was shown in Table 1. The average copolymerization composition ratio 
was IPAdMA:GBLMA:HAdMA=50:40:1 0. 
[0092] 

[Example 4] Manufacture of the copolymer shown by a formula (13) 
[0093] 

[Formula 21] 
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The temperature of the water bath was raised to 80 **, putting in and agitating 18.1 
copies of PGMEA(s) under a nitrogen atmosphere to the separable flask provided with 
the nitrogen feed port, the agitator, the capacitor, and the thermometer. 11.8 copies 
of IPAdMA(s), 6.3 copies of HGBMA(s), 2- or 3-cyano 5-norbornyl methacrylate. (It 
may express CNNMA hereafter) The monomer solution which mixed 3.7 copies, 32.7 
copies of PGMEA(s), and 0.73 copy of dimethyl-2,2'-azobisisobutyrate (it may express 
DAIB hereafter) is dropped into a flask over 6 hours with constant speed. 
Then, it held at 80 ** for 1 hour. 

It was hereafter operated like Example 1 and the copolymer of the formula (13) was 
obtained. 

The result of having measured each physical properties of this copolymer and a resist 
composition was shown in Table 1. The average copolymerization composition ratio 
was IPAdMA:HGBMA:CNNMA=40:40:20. 
[0094] 

[Example 5] Manufacture of the copolymer shown by a formula (14) 
[0095] 

[Formula 22] 
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[0096] 

The temperature of the water bath was raised to 80 **, putting in and agitating 19.0 
copies of PGMEA(s) under a nitrogen atmosphere to the separable flask provided with 
the nitrogen feed port, the agitator, the capacitor, and the thermometer. 10.7 copies 
of 2-acryloyloxy 2-isopropyl adamantanes (it may express IPAdA hereafter), 
2-exo-methacryloyloxy 4-oxatricyclo [4.2. 1.0 3,7 ] nonan-5-one. (It may express 
OTNMA hereafter) The monomer solution which mixed 6.4 copies, 5.7 copies of 
CNNMA(s), 34.3 copies of PGMEA(s), and 0.78 copy of azobisuisobutironitoriru is 
dropped into a flask over 6 hours with constant speed. 
Then, it held at 80 ** for 1 hour. 

It was hereafter operated like Example 1 and the copolymer of the formula (14) was 
obtained. 

The result of having measured each physical properties of this copolymer and a resist 
composition was shown in Table 1. The average copolymerization composition ratio 
was IPAdA:OTNMA:CNNMA=35:35:30. 
[0097] 

[Example 6] Manufacture of the copolymer shown by a formula (15) 
[0098] 

[Formula 23] 
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[0099] 

The temperature of the water bath was raised to 80 **, putting in and agitating 20.0 
copies of PGMEA(s) under a nitrogen atmosphere to the separable flask provided with 
the nitrogen feed port, the agitator, the capacitor, and the thermometer. 11.5 copies 
of IPAdMA(s), 2-exo-(meth)acryloyloxy 4,8-dioxa tricyclo [4.2. 1.0 37 ] nonan-5-one. (It 
may express ONLMA hereafter) 8.3 copies, 1-acryloyloxy 3-hydroxy adamantane. (It 
may express HAdA hereafter) The monomer solution which mixed 4.2 copies, 36.1 
copies of PGMEA(s), 0.15 copy of DAIB, and 0.16 copy of 2-mercaptoethanol is 
dropped into a flask over 6 hours with constant speed. 
Then, it held at 80 ** for 1 hour. 

It was hereafter operated like Example 1 and the copolymer of the formula (15) was 
obtained. 

The result of having measured each physical properties of this copolymer and a resist 
composition was shown in Table 1. The average copolymerization composition ratio 
was IPAdMA:ONLMA:HAdA=40:40:20. 
[0100] 

[Example 7] Manufacture of the copolymer shown by a formula (16) 
[0101] 

[Formula 24] 
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(16) 



[0102] 

The temperature of the water bath was raised to 80 **, putting in and agitating 19.8 
copies of PGMEA(s) under a nitrogen atmosphere to the separable flask provided with 
the nitrogen feed port, the agitator, the capacitor, and the thermometer. 10.5 copies 
of IPAdMA(s), 8- or 9-acryloyloxy 4-oxatricyclo [5.2.1.0 2,6 ] decan-3-one. (It may 
express OTDA hereafter) The monomer solution which mixed 7.8 copies, 5.6 copies of 
HAdA(s), 35.7 copies of PGMEA(s), and 0.90 copy of azobisuisobutironitoriru is 
dropped into a flask over 6 hours with constant speed. 
Then, it held at 80 ** for 1 hour. 

It was hereafter operated like Example 1 and the copolymer of the formula (16) was 
obtained. 

The result of having measured each physical properties of this copolymer and a resist 
composition was shown in Table 1. The average copolymerization composition ratio 
was IPAdMA:OTDA:HAdA=40:35:25. 
[0103] 

[Example 8] Manufacture of the copolymer shown by a formula (17) 
[0104] 

[Formula 25] 
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[0105] 

The temperature of the water bath was raised to 80 **, putting in and agitating 20.1 
copies of PGMEA(s) under a nitrogen atmosphere to the separable flask provided with 
the nitrogen feed port, the agitator, the capacitor, and the thermometer. 10.9 copies 
of IPAdA(s), 8- or 9-methacryloyloxy 4-oxatricyclo [5.2.1.0 2,6 ] decan-3-one. (It may 
express OTDMA hereafter) The monomer solution which mixed 9.4 copies, 3.8 copies 
of HAdMA(s), 36.2 copies of PGMEA(s), and 0.97 copy of azobisuisobutironitoriru is 
dropped into a flask over 6 hours with constant speed. 
Then, it held at 80 ** for 1 hour. 

It was hereafter operated like Example 1 and the copolymer of the formula (17) was 
obtained. 

The result of having measured each physical properties of this copolymer and a resist 
composition was shown in Table 1. The average copolymerization composition ratio 
was IPAdA:OTDMA:HAdMA=30:50:20. 
[0106] 

[Example 9] Manufacture of the copolymer shown by a formula (18) 
[0107] 

[Formula 26] 
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The temperature of the water bath was raised to 80 **, putting in and agitating 19.6 
copies of PGMEA(s) under a nitrogen atmosphere to the separable flask provided with 
the nitrogen feed port, the agitator, the capacitor, and the thermometer. 11.0 copies 
of IPAdMA(s), 6.9 copies of OTDA(s), 3.7 copies of CNNMA(s), The monomer solution 
which mixed 2.0 copies of 1-methacryloyloxy adamantanes (it may express AdMA 
hereafter), 35.3 copies of PGMEA(s), 0.57 copy of DAIB, and 0.15 copy of n-octyl 
mercaptan is dropped into a flask over 6 hours with constant speed. 
Then, it held at 80 ** for 1 hour. 

It was hereafter operated like Example 1 and the copolymer of the formula (18) was 
obtained. 

The result of having measured each physical properties of this copolymer and a resist 
composition was shown in Table 1. The average copolymerization composition ratio 
was IPAdMA:OTDA:CNNMA:AdMA=40:30:20:1 0. 
[0108] 

[Example 10] Manufacture of the copolymer shown by a formula (19) 
[0109] 

[Formula 27] 
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[0110] 

The temperature of the water bath was raised to 80 **, putting in and agitating 18.0 
copies of PGMEA(s) under a nitrogen atmosphere to the separable flask provided with 
the nitrogen feed port, the agitator, the capacitor, and the thermometer. 11.9 copies 
of IPAdA(s), 6.6 copies of GBLMA(s), 1.6 copies of CNNMA(s), A 4-methacryloyloxy 
4-ethyl-tetracyclo [6.2.1 .1 3 6 .0 2 7 ] dodecane. (It may express EDMA hereafter) The 
monomer solution which mixed 1.4 copies, 32.3 copies of PGMEA(s), and 0.44 copy of 
azobisuisobutironitoriru is dropped into a flask over 6 hours with constant speed. 
Then, it held at 80 ** for 1 hour. 

It was hereafter operated like Example 1 and the copolymer of the formula (19) was 
obtained. 

The result of having measured each physical properties of this copolymer and a resist 
composition was shown in Table 1. The average copolymerization composition ratio 
was IPAdA:GBLMA:CNNMA:EDMA=40:45:10:5. 
[0111] 

[Example 11] Manufacture of the copolymer shown by a formula (20) 
[0112] 

[Formula 28] 
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[0113] 

The temperature of the water bath was raised to 80 **, putting in and agitating 19.5 
copies of PGMEA(s) under a nitrogen atmosphere to the separable flask provided with 
the nitrogen feed port, the agitator, the capacitor, and the thermometer. 9.4 copies of 
IPAdMA(s), 8.3 copies of OTNA(s), 3.3 copies of HAdA(s), 2-methacryloyloxy 
2-methyladamantan. (It may express MAdMA hereafter) The monomer solution which 
mixed 2.3 copies, 35.1 copies of PGMEA(s), and 0.84 copy of azobisuisobutironitoriru 
is dropped into a flask over 6 hours with constant speed. 
Then, it held at 80 ** for 1 hour. 

It was hereafter operated like Example 1 and the copolymer of the formula (20) was 
obtained. 

The result of having measured each physical properties of this copolymer and a resist 
composition was shown in Table 1. The average copolymerization composition ratio 
was IPAdMA:OTNA:HAdA:MAdMA=35:40:15:10. 
[0114] 

[Example 12] Manufacture of the copolymer shown by a formula (21) 
[0115] 

[Formula 29] 
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[0116] 

The temperature of the water bath was raised to 80 **, putting in and agitating 19.5 
copies of PGMEA(s) under a nitrogen atmosphere to the separable flask provided with 
the nitrogen feed port, the agitator, the capacitor, and the thermometer. The monomer 
solution which mixed 12.1 copies of IPAdMA(s), 7.1 copies of OTDA(s), 3.7 copies of 
CNNMA(s), 0.6 copy of tBMA, 35.1 copies of PGMEA(s), and 0.78 copy of 
azobisuisobutironitoriru is dropped into a flask over 6 hours with constant speed. 
Then, it held at 80 ** for 1 hour. 

It was hereafter operated like Example 1 and the copolymer of the formula (21) was 
obtained. 

The result of having measured each physical properties of this copolymer and a resist 
composition was shown in Table 1. The average copolymerization composition ratio 
was IPAdMA:OTDA:CNNMA:tBMA=45:30:20:5. 
[0117] 

[Example 13] Manufacture of the copolymer shown by a formula (22) 
[0118] 

[Formula 30] 
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(22) 



[0119] 

The temperature of the water bath was raised to 80 **, putting in and agitating 20.8 
copies of PGMEA(s) under a nitrogen atmosphere to the separable flask provided with 
the nitrogen feed port, the agitator, the capacitor, and the thermometer. The monomer 
solution which mixed 19.9 copies of IPAdMA(s), 5.0 copies of OTNA(s), 37.4 copies of 
PGMEA(s), and 0.53 copy of azobisuisobutironitoriru is dropped into a flask over 6 
hours with constant speed. 
Then, it held at 80 ** for 1 hour. 

It was hereafter operated like Example 1 and the copolymer of the formula (22) was 
obtained. 

The result of having measured each physical properties of this copolymer and a resist 
composition was shown in Table 1. The average copolymerization composition ratio 
was IPAdMA:OTNMA=75:25. 
[0120] 

[Comparative example 1] Manufacture of the copolymer shown by a formula (23) 
[0121] 

[Formula 31] 
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[0122] 

9.6 copies of MAdMA(s) were used instead of IPAdMA, and the copolymer of the 
formula (23) was obtained like Example 1 except having changed the quantity of 
azobisuisobutironitoriru into 0.33 copy. 

The result of having measured each physical properties of this copolymer and a resist 
composition was shown in Table 1. The average copolymerization composition ratio 
was MAdMA:HGBMA=35:65. 

This copolymer was inferior in the solubility to an organic solvent as compared with 
the copolymer of Example 1. As compared with the resist composition of the 
copolymer of Example 1, as for the resist composition prepared from this copolymer, 
sensitivity, resolution, and the amount of micro gels in the inside of a resist solution 
increased. 
[0123] 

[Comparative example 2] Manufacture of the copolymer shown by a formula (24) 
[0124] 

[Formula 32] 
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[0125] 

The copolymer of the formula (24) was obtained like Example 1 except having used 9.8 
copies of 2-acryloyloxy 2-ethyl adamantanes (it may express EAdA hereafter) instead 
of IPAdMA. 

The result of having measured each physical properties of this copolymer and a resist 
composition was shown in Table 1. The average copolymerization composition ratio 
was IPAdA:OTDMA:HAdMA=30:50:20. 

This copolymer was inferior in the solubility to an organic solvent as compared with 

the copolymer of Example 8. As compared with the resist composition of the 

copolymer of Example 8, as for the resist composition prepared from this copolymer, 

sensitivity, resolution, and the amount of micro gels in the inside of a resist solution 

increased. 

[0126] 

[Table 1] 
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[0127] 

[Effect of the Invention] 

As explained above, the copolymer of this invention is excellent in the solubility to a 
solvent. The manufacturing method of this invention can manufacture resin suitable 
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for a resist composition. The resist composition of this invention, especially a 
chemical amplification type resist composition are high sensitivity and high resolution, 
and there are few amounts of micro gels in a solution. With the pattern formation 
method of this invention, by high sensitivity, it is stabilized and the pattern of high 
resolution can be formed. Therefore, the copolymer for resist and chemical 
amplification type resist composition of this invention can be used conveniently for 
the lithography which uses optical lithography or electron beam lithography, especially 
an ArF excimer laser. 



[Translation done.] 
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